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The spatial and seasonal distributions of organic matter and ﬁne grains were tested as possible
determinants of fauna distribution in bed sediment of a Hercynian gravel stream. Invertebrate densities
and the amounts of ﬁne grains and organic carbon were assessed in freeze-core samples taken along
70 cm depth proﬁles at three different positions in the stream channel. Sampling was conducted on ﬁve
occasions of low discharge over two years. The variability in invertebrate community composition was
analysed using Detrended Correspondence Analysis with posterior projection of explanatory variables;
Variation Partitioning was used to estimate the independent and shared effects of the explanatory
variables. We found that the best predictors of the invertebrate community were spatial variables
(depth, position in the channel) and then variables inﬂuenced by seasonal patterns (surface water
temperature and discharge). The inﬂuence of organic matter and ﬁne grain content was signiﬁcant only
after eliminating spatial autocorrelation. High amounts of organic matter, randomly accumulated in the
sediment, improved the model by explaining high fauna densities. The ﬁne grain content was not a
limiting factor to fauna at our study site. It is possible that the large amount of mica ﬂakes in the
sediment has caused the arrangement of grains with a pore space sufﬁcient for fauna even when ﬁne
grain content was high.
& 2010 Elsevier GmbH. All rights reserved.Introduction
Bed sediments are the subsurface sediments of streams and
rivers that form the uppermost part of the hyporheic zone and are
of prime ecological signiﬁcance for running water ecosystems
(Williams, 1984; Ward et al., 1998; Boulton, 2000). This is an
important habitat for stream invertebrate fauna (Bretschko, 1981,
1992), and a place of important metabolic processes (Brunke and
Gonser, 1997; Claret et al., 1998; Ward et al., 1998; Leichtfried,
2007). By deﬁnition, the bed sediment is predominantly water-
logged by surface water, sharing its main physicochemical
characteristics (Triska et al., 1989), and is inhabited by epigean
fauna (Bretschko, 1992).
A lot of effort has been made to determine the relations
between the distribution/diversity of fauna and environmental
factors in the hyporheic zone (e.g. Williams and Hynes, 1974;
Brunke and Gonser, 1999; Storey and Williams, 2004). Living
conditions in sediments are complex and grain size and arrange-
ment play a central role for community composition (Ward et al.,
1998) as they determine the available living space and inﬂuence
the hydraulic gradients leading to surface/groundwater exchange,H. All rights reserved.
x: +420 541 211 214.
va´).which is essential in determining the supply of dissolved gases and
nutrients (Gibert et al., 1990; Vervier et al., 1992; Brunke and
Gonser, 1997; Boulton et al., 1998). Among the sediment structure
characteristics, the ﬁne grain content (especially the size class
o1 mm) has been recognized as a limiting factor for the
interstitial spaces (Bretschko, 1991; Maridet and Philippe, 1995).
Thus, the proportion of ﬁne grains has been found to control the
connectivity of the substratum to the water column (Scha¨lchli,
1992), the retention capacity for organic matter (Maridet et al.,
1996), and the densities and morphological features of the bed
sediment organisms (Gayraud and Philippe, 2001).
Allochthonous organic matter provides the main food re-
sources for fauna in bed sediments (e.g. Williams and Hynes,
1974). If not limited by a lack of oxygen or interstitial space, the
density of the fauna often correlates positively with organic
matter (Strayer et al., 1997). The amount of organic matter in
streams is inﬂuenced by riparian vegetation and sediment
retentiveness (Maridet et al., 1996, 1997) and its distribution
within the bed sediment is determined by ﬂow conditions and
sediment structure (Bretschko and Leichtfried, 1988; Boulton and
Forster, 1998). The relationship between organic and inorganic
ﬁne particles is important for density and composition of
interstitial fauna (Brunke and Gonser, 1999), and likewise the
association between sediment grains and the microbial bioﬁlm
(Bretschko and Leichtfried, 1988; Ba¨rlocher and Murdoch, 1989;
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not distinguished between the direct inﬂuence of ﬁne grains and
organic matter on the invertebrate community and the effects
mediated by their own spatial (e.g. vertical) and seasonal
dependence.
In this study, we examined to what extent ﬁne grain content (a
proxy for interstitial space) and organic matter content (a proxy
for food resources) are responsible for spatial and temporal
variability in a faunal community within the bed sediment of a
gravel stream. The spatial variability was studied on a reach scale
along a vertical and longitudinal proﬁle at a gravel bar; the
seasonal variability encompassed several seasonal aspects within
a limited range of discharges. We used ordination methods that
allowed the inﬂuences of the spatial, temporal and environmental
factors to be separated. Our principal aim was to assess the extent
to which faunal distribution is predictable based on knowledge of
the distribution of ﬁne grains and organic matter.Materials and methods
Study site
The study was carried out in the Loucˇka River, a 4th order gravel
stream with a drainage basin of 390 km2 located in the Hercynian
subprovince in the Czech Republic (4912203200N, 1611903500E;
300 m a.s.l.). The riparian zone is overgrown by trees dominated
by Alnus glutinosa and Fraxinus excelsior. The riverbed is of gneissic
origin and is composed of poorly sorted gravel with a median grain
size of 39.5 mm (Q25=7.7 mm, Q75=58.9 mm) in the studied reach.
Discharge is natural and highly variable. During 2002–2004 the
daily discharge ranged between 0.13 and 24.5 m3 s1, with an
average of 1.30 m3 s1 (Fig. 1). More detailed information on the
physicochemical conditions and organic matter content in the
Loucˇka River is provided by Helesˇic et al., 2006.
Sampling methods
Samples of bed sediment were taken by freeze coring using
liquid nitrogen without electro-positioning (see Olsen et al.,
2002). We inserted the corers into the riverbed to the depth of
70 cm. A period of one week elapsed between inserting and
removing the cores in order to allow for settling. After removal
the cores were cut into 10 cm depth layers. Each 10 cm layer
represented a sample, but the ﬁnal 20 cm were treated together;
thus we obtained six samples per core. We measured the volume
of each sample after removing stones 470 mm because the
distribution of large stones in the riverbed was random and of no
special relevance for fauna (Omesova´ and Helesˇic, 2004). Core
material was preserved in 4% formaldehyde.
We took cores from three positions in the riverbed with
different ﬂow conditions: streamline (i.e. a place with rapidFig. 1. Daily discharge in the Loucˇka River during the years 2002–2004. Data were
measured at a gauging station ca. 3 km upstream from the sampling site. The
sampling occasions 1–5 are marked.unbroken ﬂow), and the head and tail of a 9 m gravel bar.
Sampling was carried out on ﬁve occasions: October 2002, March
2003, July 2003, October 2003, and March 2004 at discharges
close to the annual mean or lower (Fig. 1). Thus, we obtained a
total of 90 samples (i.e. 6 samples3 cores5 sampling
occasions). On each sampling occasion the surface water tem-
perature was recorded. The surface water level and surface ﬂow
velocity (at 40% of the water level) were measured at all three
sampling positions and were found to differ between sites. The
streamline was permanently ﬂooded and displayed a high ﬂow
velocity and water level, and the head and the tail of the bar were
sometimes dried at the surface (head: October 2002, July
and October 2003; tail: July and October 2003, March 2004).
The different periods of ﬂooding on the head and the tail of the
bar showed that channel topography changed during the
sampling period.
Sample processing
Invertebrates were extracted from the samples by elutriation of
the sediment through two nets of 250 and 100 mm mesh size and
sorted under a dissecting microscope into the main taxonomic
groups (family or order for insect larvae; phylum, class or subclass
for others; Omesova´ and Helesˇic, 2004). Invertebrate densities
were standardized for 1 dm3 volume samples. After elutriation and
sorting, the sediment was dried and used for grain size analysis.
The organic matter was estimated as the organic carbon content of
the elutriated material dried at 105 1C, using a LECO CHN 600
Analyzer, and standardized for 1 dm3 samples.
Organic carbon and grain size composition were analysed
using the same sample as for invertebrates. The size fractio-
no100 mm (containing ﬁne sediment, organic matter and organ-
isms) was lost during elutriation and could not be included in the
analyses. The organic carbon in this size class was previously
found to range between 0 and 30 mg g1 (Helesˇic et al., 2006).
The inorganic particles o100 mm only accounted for, on average,
1.5% of the dry weight (max. 3.5%; related to dry weight after
removal of the fraction 470 mm; Omesova´ and Helesˇic, 2007).
Explanatory variables
We used spatial, seasonal and environmental variables for
explaining data variance (Table 1). The seasonal variables were
measured in the surface water either for a sampling occasion
(temperature, discharge) or for each position in the channel on a
sampling occasion (current velocity). Surface water level was not
included because it was strongly correlated with the surface ﬂow
velocity (rS=0.89, po0.0001). The environmental variables
(sediment characteristics and organic carbon content) were
measured in each sample.
Statistical analysis
To identify the main gradients of variation in our data set we
performed Detrended Correspondence Analysis (DCA) with
posteriori projection of explanatory variables. The relationship
between the ﬁrst four DCA axes and the supplementary variables,
as well as the total community characteristics (total abundance
and taxa richness), were assessed using nonparametric Spearman
correlation (rS). The normal distribution of DCA sample scores
then allowed the use of parametric ANOVA (with the post hoc
Tukey test) to test the signiﬁcance of the three positions in the
channel on the ﬁrst four DCA axes.
To test the explanatory strength of individual variables (depth,
proportion of grains o1 mm, organic carbon content) and their
Table 1
Summary of the spatial, seasonal and environmental variables used to explain data variation.
Characteristics Unit Values
Spatial position in the channel  1 (streamline), 2 (head of a bar), 3 (tail of a bar)
depth (cm) 1 (0–10), 2 (10–20), 3 (20–30), 4 (30–40), 5 (40–50), 6 (50–70)
Seasonal n surface water temperature 1C min. 0.8–max. 15.0
n daily surface discharge m3 s1 min. 0.33–max. 1.12
n# surface ﬂow velocity m s1 min. 0.00–max. 0.97
Environmental z proportion of grains o1 mm % min. 7.1–mean 13.8–max. 27.0
z lower quartile grain size mm min. 0.5–mean 1.6–max. 8.4
z organic carbon g dm3 min. 0.04–mean 0.44–max. 1.66
Characteristics measured for n a sampling occasion, # a position in the channel, z each sample.
Fig. 2. Vertical distribution of the proportion of grains o1 mm (a) and organic carbon content (b) in the Loucˇka River (2002–2004). The Spearman correlations of the
parameters with depth were (a) rS=0.10, p=0.37, (b) rS=0.51, po0.001.
Fig. 3. Variability in the proportion of grains o1 mm and organic carbon content
over depth, position in the channel and season in the Loucˇka River (2002–2004).
A=streamline, B=head of the bar, C=tail of the bar.
M. Omesova´, J. Helesˇic / Limnologica 40 (2010) 307–314 309interactions, we carried out Variation Partitioning (Legendre and
Legendre, 1998) based on several partial Canonical Correspon-
dence Analyses (CCA), where one or two of the variables were
included in the analysis and the other one or two variables were
taken as covariables. The signiﬁcance of the explanatory variables
was tested by the Monte Carlo permutation test. Thus, we
obtained the independent and shared effects of the variables
expressed as the percentages of total inertia explained by a
variable (or interactions of variables). Because the samples were
collected from linear transects (cores) we ﬁrst eliminated the
spatial autocorrelation in our data by deﬁning individual cores as
covariables in all CCAs (i.e. by creating ‘‘dummy-variables’’ for
each core; see ter Braak and Sˇmilauer, 2002). Since the CCA works
well only for linear relationships, we examined the relationship
between the explanatory variables and DCA axes for linearity
before entering a variable in the CCA, and accordingly trans-
formed the variable to improve the ﬁt.
Four samples with incomplete data and one without any
invertebrates were omitted from the analyses and thus our data
set was comprised of 85 samples. The taxa abundances were
transformed by log (x+1) in all analyses. All ordinations were
computed using the CANOCO 4.5 package (ter Braak and Sˇmilauer,
2002). We modiﬁed the signiﬁcance level for multiple correlations
by the sequential Bonferroni rule, i.e. divided a by the number of
statistical tests performed (Holm, 1979).Results
Environmental variables and their spatial/seasonal dependence
The two ﬁne sediment characteristics were negatively corre-
lated: the higher proportion of grains o1 mm, the smaller the
25% grain size (rS=0.72, po0.001). The link between ﬁnesediment and organic carbon was limited to a weak correlation
between the organic carbon and the proportion of grains o1 mm
(rS=0.30, po0.005). These two variables displayed different depth
distributions: grains o1 mm reached a maximum typically at
20–30 cm depth (Fig. 2a); the organic carbon content decreased
with depth (rS=0.51, po0.001, Fig. 2b), although there were
regular outliers in the upper 40 cm of the streambed (Fig. 2b).
Thus, the organic carbon content varied more than the proportion
of ﬁne grains, with a distinct maximum in the 30–40 cm depth
layer (Fig. 3).
The mean values of the sediment characteristics and organic
carbon did not differ between the three positions and sampling
occasions (ANOVA, p40.05, after log (x+1) transformation of
data). However, their variance differed between the three
sampling sites: the tail of the bar showed the lowest variance of
ﬁne grains but the highest variance of organic carbon content
M. Omesova´, J. Helesˇic / Limnologica 40 (2010) 307–314310(Fig. 3). At the streamline, the variability of organic carbon
content was very low compared to the other two sites. The head
of the bar seemed similar to the tail of the bar in organic carbon
variance and to the streamline in ﬁne grain content variance
(Fig. 3). There was a positive relationship between the twoTable 2
Summary of invertebrate taxon densities (ind. dm3) in all samples (N=87).
CV=coefﬁcient of variance (Mean/SD); Freq %=relative frequency of taxa in
samples.
Density (ind. dm3): Min. Mean Max. CV Freq %
Nematoda 0 151 1870 2.0 98.9
Oligochaeta 0 136 1454 1.7 95.4
Ostracoda 0 8 200 3.2 39.1
Harpacticoida 0 32 281 1.9 55.2
Cyclopoida 0 2 25 2.8 24.1
Cladocera 0 0 2 5.5 3.4
Ephemeroptera 0 3 67 3.3 24.1
Trichoptera 0 3 112 4.8 17.2
Plecoptera 0 1 13 3.1 13.8
Chironomidae 0 57 1828 3.8 63.2
Simuliidae 0 6 443 8.1 6.9
Ceratopogonidae 0 3 76 3.0 36.8
Other Diptera 0 2 57 4.3 14.9
Acari 0 2 24 2.0 42.5
Mollusca 0 2 82 5.5 9.2
Coleoptera 0 0 9 4.1 8.0
Total community 0 412 3994 1.6 98.9
Fig. 4. Biplot of samples and passively projected explanatory variables (depth,
proportion of grains o1 mm, 25% grain size, surface water temperature, surface
ﬂow velocity, surface discharge and organic carbon content) on ﬁrst two axes of
DCA. Data from the Loucˇka River (2002–2004). Samples were taken from
streamline (black circles), head (dotted circles) and tail (white circles) of a gravel
bar. Data were transformed by log10 (x+1).
Table 3
Axes of DCA and the Spearman correlations with supplementary environmental varia
corrections are in bold. A: Variables measured for a sampling occasion and/or a positio
N=15, Bonferroni signiﬁcance po0.0125. B: variables measured in each sample, N=85
Total inertia: 0.882 Axis 1
Eigenvalues: 0.220
A discharge 0.31n.s.
surface water temperature 0.18n.s.
surface water velocity 0.45n.s.
B depth 0.74nnn
proportion of grains o1 mm 0.05n.s.
25% grain size 0.25n
organic carbon 0.37nnn
total abundances 0.45nnn
taxa richness 0.65nnn
nnnpo0.001, nnpo0.01, npo0.05, n.s. p40.05.characteristics throughout the season, with the variance increas-
ing in July and October 2003.Variance in invertebrate community
The density of the invertebrate communities found to a depth
of 70 cm in the bed sediment was very variable, having an overall
average of 412 ind. dm3 (Table 2). We identiﬁed 16 taxa, of
which Nematoda, Oligochaeta, Chironomidae and Harpacticoida
were the most abundant and most frequent (Table 2). The
variation in density was negatively correlated with the
frequency of taxa (rS=0.81, po0.001), and was the lowest for
Oligochaeta and the highest for Simuliidae (Table 2).
The ﬁrst four DCA axes (Fig. 4) covered 24.9%, 11.5%, 9.0%, and
5.4% of the total inertia, respectively. The correlations between
the ﬁrst four DCA axes and the factors are shown in Table 3, as are
the correlations with total community abundances and taxa
richness. The main gradient in data variation corresponded to the
depth gradient: depth was strongly correlated with the 1st DCA
axis (and weakly with the 2nd and the 3rd DCA axes). Total
abundances and taxa richness signiﬁcantly decreased with
increasing depth. The weak correlation between organic carbon
content and the 1st axis seemed to reﬂect the depth dependence
of the organic carbon (see above). In spite of producing relatively
long vectors in Fig. 4, the two sediment characteristics (25% grain
size and proportion of grains o1 mm) were not correlated with
any DCA axes (0.34rSo0.3). The 2nd DCA axis was strongly
correlated with the surface water temperature and weakly with
discharge (a higher temperature co-occurred with lower
discharge in summer; rS=0.69, po0.001), and can be
interpreted as a seasonal aspect. Although the three sampling
sites barely differ in Fig. 4, the sample scores of the streamline and
the tail of the bar on the 1st DCA axis differed signiﬁcantly
(ANOVA: F2,82=3.21, po0.05; Tukey: streamline vs. tail po0.05).
The tail of the bar also differed from the streamline on the 3rd
DCA axis (ANOVA: F2,82=4.61, po0.05; Tukey: streamline vs. tail
po0.05), and most distinctly differed from both sites on the 4th
DCA axis (ANOVA: F2,82=10.94, po0.0001; Tukey: streamline vs.
tail po0.001, head vs. tail po0.01). The latter difference seemed
to be linked to the impact of the surface ﬂow velocity, which also
appeared on the 4th DCA axis (Table 3). The total abundances and
taxa richness showed only negative correlations with the 1st DCA
axis (depth, organic carbon), and the 4th DCA axis (position in the
channel, ﬂow velocity).
We related the position of taxa on the ﬁrst two DCA axes
according to the depth and seasonal gradient (Fig. 5). Thus,
Nematoda markedly differed from the other taxa by being found
deepest in the sediment (Axis 1). On the other hand, most of thebles, total abundances and taxa richness. Correlations signiﬁcant after Bonferroni
n in the channel were correlated with means of DCA sample scores across cores,
, Bonferroni signiﬁcance po0.0083.
Axis 2 Axis 3 Axis 4
0.101 0.079 0.048
0.53n 0.02n.s. 0.20n.s.
0.78nnn 0.22n.s. 0.10n.s.
0.29n.s. 0.24n.s. 0.56n
0.35nn 0.37nnn 0.06n.s.
0.18n.s. 0.17n.s. 0.06n.s.
0.25n 0.28nn 0.10n.s.
0.01n.s. 0.24n 0.02n.s.
0.05n.s. 0.22n.s. 0.32nn
0.09n.s. 0.05n.s. 0.34nn
Fig. 5. Taxon scores on the ﬁrst and the second DCA axes, which covered 36.4% of the total inertia. Data from the Loucˇka River (2002–2004). Axis 1 represents the depth
gradient from the surface to the deeper layers; Axis 2 represents the seasonal aspect, from the colder season with higher discharges to the warmer season with lower
discharges.
Fig. 6. Sample scores on the ﬁrst DCA axis plotted against depth. Data from the
Loucˇka River (2002–2004). The logarithmic line is shown (r2=0.58, po0.001).
Fig. 7. Variation partitioning: independent and shared effects of log depth,
proportion of grains o1 mm, and organic carbon content were expressed as
percentages of the total inertia in partial CCAs. Data from the Loucˇka River (2002–
2004). The inﬂuence of sampling blocks (accounting for 37% of the total inertia)
was eliminated. The three explanatory variables covered 19.4% of the total inertia
(the negative value of the shared effect represents the interaction).
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the exception of Ceratopogonidae and Chironomidae. Simuliidae
showed an afﬁnity to high discharges and low temperatures,
whereas Ephemeroptera, Mollusca and Plecoptera were more
abundant during the warmer and drier part of the year (Axis 2).
We used a logarithmic function in CCAs when analysing the
effects of depth, grains o1 mm and organic carbon content, as it
described the relationship between depth and and the 1st DCA
axis better than a linear function (Fig. 6). In the variation
partitioning the sampling blocks (i.e. cores) covered 37% of the
total inertia. This part of the variability can be attributed to
spatial autocorrelation, the variability between positions in the
channel and seasonal variability. The log depth explained 15.5% of
the total data variance, of which 5% was shared with grains
o1 mm and organic carbon content (Fig. 7). The effect of grains
o1 mm (6%) seemed to be larger than that of organic carbon
content (2.6%), mainly due to the greater amount of variability
shared with log depth; their pure effects were nearly the same
(1.9 vs. 1.6%), and they showed a slight interaction, explaining
an additional 0.4% of the data variability. Thus the total
proportion of variance covered by the three explanatory
variables accounted for 19.4%.Discussion
Spatial and seasonal distribution of invertebrates
The variance in the invertebrate taxa densities was quite high
(Table 2). The most distinct feature of the invertebrate community
was the decrease in the number of taxa and total abundance with
increasing depth (Table 3, Fig. 4). Such vertical distribution is
consistent at various river sites across all regions (e.g. Williams
and Hynes, 1974; Marchant, 1988; Maridet et al., 1996), although
exceptions can also be found (Bretschko and Leichtfried, 1988).
The decrease in invertebrates with depth is mainly explained by
the general lack of adaptation of the epigean fauna to conditions
in the sediment, such as small interstitial spaces, low oxygen
supply and poor food resources (Palmer, 1990; Ward et al., 1998).
In our study, we found that the depth determined the community
abundance and composition logarithmically rather than linearly
(Fig. 6), and explained 10.4% of overall data variation, which can
be attributed to its pure effect, unshared with other spatial,
seasonal or environmental variables (Fig. 7).
The invertebrate community at the tail of the bar had
relatively low abundances and taxon richness compared to the
other locations (DCA, 1st, 3rd and 4th axis). Our ﬁndings are
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usually host less rich communities than the upstream parts. This
is usually due to the lower oxygen content and/or less organic
matter contained in the upwelling hyporheic water (e.g. Boulton
et al., 1998). Because the head of the bar, which was also located
near the shoreline, harboured a relatively rich invertebrate
community, we suggest that the lack of oxygen is the main
determinant.
The second main direction in the variance of our data was
represented by surface water discharge and temperature (Fig. 4,
Table 3), although neither the total abundances nor the number of
taxa changed signiﬁcantly over the seasons. Seasonal changes can
also inﬂuence the vertical distribution of bed sediment fauna
through changes in discharge (e.g. Dole-Olivier and Marmonier,
1992; Marchant, 1995) or temperature (Kowarc, 1992). In the cold
season, oligostenothermic invertebrates (e.g. harpacticoids) are
known to penetrate deeper into the sediment to reach more
suitable temperature conditions (Kowarc, 1992). In this study, the
effect of surface water temperature on the depth distribution
of fauna was indicated by the joint signiﬁcant correlations of
surface water temperature and depth with the 2nd DCA axis
(Table 3).Spatial and seasonal distribution of organic matter and ﬁne grains
Organic carbon moderately decreased with depth. Such a
pattern suggests that the organic matter originates at the surface
and gradually sinks to deeper layers, and has been recorded from
various river sites (e.g. Williams, 1984; Fisher et al., 1996).
However, large amounts of accumulated organic carbon occurred
within the upper 40 cm (Fig. 2), and most likely came from
random trapping. Such trapping of organic matter is usual in
streams of forested areas and represents an important source of
energy for the whole stream system (e.g. Maridet et al., 1997;
Boulton and Forster, 1998).
In the Loucˇka River, the organic carbon content did not
signiﬁcantly differ between the streamline, head or tail of the
bar. Thus, local ﬂow conditions do not inﬂuence the total amount
of organic matter in the bed sediments, even when a site
occasionally dries out at the surface (Omesova´ and Helesˇic,
2007). The input of organic matter to a stream is not solely
dependent on ﬂow path, and that permanently and temporarily
ﬂooded parts of the river channel have the same retention
capacity for organic matter (Bretschko, 1995). At some river sites
higher amounts of particulate organic matter are found in the
zones of downwelling water compared to upwelling water
(Vervier et al., 1992; Brunke and Gonser, 1997). At other sites,
however, no such differences were observed (Brunke and Gonser,
1999; Boulton and Forster, 1998; Franken et al., 2001). In the
Loucˇka River, the main spatial variability in organic carbon
distribution was due to the occurrence of organic matter, which
was low in the streamline (only 11% of all outliers), compared to
both the head and tail of the bar (each having 44% of outliers).
Thus, it seems that a relatively constant surface ﬂow reduces the
probability of organic matter accumulation in sediment at our
study site.
The input of leaf litter to streams ﬂowing through deciduous
forests is concentrated within a relatively short period in autumn
in the temperate zone (Bretschko and Moser, 1993). In spite of
this, we observed no statistically signiﬁcant difference in organic
carbon content between the sampling dates in our study.
However, we observed an increase in the variance in organic
carbon content in July and October 2003 (Fig. 3). As these two
samplings fell within an unusually long period of permanently
low discharge (Fig. 1), we consider that a higher ﬂow maymaintain an even distribution of organic carbon content within
the bed sediment.
The zone of accumulation of the ﬁne grains seemed to be
located in the depth interval 10–50 cm, with the maximum at
20–30 cm (Fig. 2a). Thus, the proportion of ﬁne grains was only
weakly correlated with the organic carbon content. A stronger
positive linkage between ﬁne grains and organic carbon was
recorded from a 2nd order alpine gravel stream (Leichtfried, 1988,
1991), from the Rhoˆne River (Claret et al., 1998) and several
streams in France (Maridet et al., 1997). The correlation may be a
result of joint accumulation/removal driven by local ﬂow
conditions, or the fact that the ﬁne grain surface can be
overgrown by bioﬁlm (Leichtfried, 1988, 1991). Similar seasonal
patterns in variability support the argument that ﬂow impacts on
the grain size distribution and organic matter content (Fig. 3). The
distribution of ﬁne grains appeared to be more uneven during
periods with low discharge, as was the distribution of organic
carbon content (see above). The relatively low variability in the
ﬁne grain distribution at the tail of the bar (Fig. 3) reﬂected the
less frequent exposure of the site to ﬂow ﬂuctuations and
accumulation/removal processes.The inﬂuence of the organic matter and ﬁne grains on the bed
sediment fauna
The relationship between organic matter and invertebrate
abundances is unclear, as a number of studies have produced
conﬂicting results. Some studies found strong positive correla-
tions (Williams and Hynes, 1974; Bretschko and Leichtfried,
1988), a weak correlation (at sufﬁcient oxygen; Strayer et al.,
1997), and no signiﬁcant correlations (Marchant, 1995; Boulton
and Forster, 1998). At our study site the inﬂuence of organic
carbon content on the abundance and composition of the
invertebrate community was demonstrated by the correlation of
the organic carbon with the 1st DCA axis (Table 3). However,
given that (1) this correlation was rather weak, (2) invertebrate
densities were strongly depth dependent, and (3) organic carbon
was also correlated with depth, one could interpret the relation-
ship between the organic carbon and the invertebrates as
reﬂecting a moderate inﬂuence of depth. However, the samples
with the outlying values of organic carbon (over 1.0 g dm3),
which did not match the depth-dependent pattern, had an
average density of 1117 ind. dm3, i.e. a magnitude higher than
the overall average density (412 ind. dm3). Places with accumu-
lated organic matter may become ‘‘hot spots’’ for invertebrate
densities because they provide rich food resources (Boulton and
Forster, 1998), and our study supported this. Such outliers
accounted for the addition of 1.6% to the explained variability in
the partial CCAs (Fig. 7), because when we excluded them from
the data set, the organic carbon was not signiﬁcant (Monte Carlo
test, p40.05). The importance of high organic carbon for fauna
was not observed in the tail of the bar, where fauna abundances
remained low even in the samples with the accumulated organic
matter, due to other unfavourable conditions (see above). Thus,
we agree with the conclusion of Strayer et al., 1997 that the
relationship between organic matter and invertebrate abun-
dances may be revealed only when there are no other limiting
conditions.
The inﬂuence of ﬁne grain sediment on fauna appeared to be a
secondary effect after the variance caused by linear transects was
removed, signiﬁcantly accounting for 1.9% of the total variance
(Fig. 7). It has been proved that large amounts of ﬁne grains lead
to small interstitial spaces in the sediment and thus to a lower
retention capacity for organic matter (Maridet et al., 1995), and
directly or indirectly to low fauna abundances (Bretschko, 1991).
M. Omesova´, J. Helesˇic / Limnologica 40 (2010) 307–314 313In the Loucˇka River the amount of ﬁne sediments did not seem to
be a limiting factor for fauna (Omesova´ and Helesˇic, 2007) nor
organic matter content. The highest proportion of grains o1 mm
in our data set (26.0%) was still accompanied by an invertebrate
density of 326 ind. dm3. This might seem surprising because, as
Maridet and Philippe, 1995 concluded on the basis of data from
six French rivers, a proportion of ﬁne grains as high as 30% results
in zero porosity. However, in our study the ﬁne grain values were
overestimated because the boulders and the cobbles 47 cm had
been removed. Moreover, pore space is also dependent on the
grain shape (Bretschko, 1994). The bed sediment in the Loucˇka
River contains an admixture of mica ﬂakes, which might cause the
arrangement of grains with sufﬁcient pore space (Hynie, 1961)
even when the ﬁne grain content is high. The positive role of a
small admixture (5–10%) of ﬁne grains has also been reported to
be favourable for bioﬁlm growth (e.g. Leichtfried, 1991), and
presumably also for the fauna feeding on it. The relationship with
ﬁne organic–inorganic particles was previously recognized as a
strong predictor of variation in a hyporheic faunal community
(Brunke and Gonser, 1999). In our data such a relationship was
indicated only by the slight interaction in Variation Partitioning
(Fig. 7). However, since bioﬁlm is associated mainly with
o100 mm grain size (Leichtfried, 2007), the possible link between
ﬁne grains and organic carbon remains unresolved by our study.
Although there is no doubt that organic matter o100 mm is of
great importance especially for meiofauna (Leichtfried, 2007), we
found a strong indication that the larger fractions of organic
matter can also signiﬁcantly contribute to the faunal distribution.Conclusion
Bed sediments in the studied reach of the Loucˇka River were
governed by surface water ﬂow and this supports the third
hydrological model of White, 1993 in which surface water
advection dominated. Thus, the surface/groundwater exchange
(Vervier et al., 1992; Brunke and Gonser, 1997) did not appear to
affect the faunal community. Due to the small catchment area the
Loucˇka River is relatively water-poor for most of the year.
However, the high water level that occurs especially after snow
melting may change the surface/groundwater interaction patterns
in the channel (e.g. Dole-Olivier and Marmonier, 1992) and induce
changes in the faunal community (Vervier et al., 1992). Although
the depth pattern found during the lower discharge conditions
seemed to be relatively stable, there was also an indication that
patchiness may increase during low discharge.
Despite the high variation in the invertebrate community, a
relatively large part of the taxa variance was explained by spatial
and temporal variables, such as depth, position in the channel,
temperature and discharge. Thus, some general predictions about
faunal distribution in bed sediments can be made based on these
predictors. Fine grains and organic matter displayed different spatial
and temporal dependence to a certain degree, although there might
be a positive link in the ﬁnest size class that remained undetected.
The distribution of ﬁne grains seemed to be more constant, and thus
relatively predictable, but its direct effect on the fauna was low. The
high amounts of organic carbon could contribute, to a signiﬁcant
(but small) degree, to the high densities of fauna, but they remain
quite unpredictable themselves. Thus, the predictive value of ﬁne
grains and organic matter was relatively low.Acknowledgements
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